Acanthamoeba is a free-living ameba that is found throughout the world and that causes encephalitis, keratitis, and cutaneous infections in humans. It has two stages in its life cycle: a trophic stage and a resistant cyst stage. We describe here the ability of Acanthamoeba cysts to survive desiccation for more than 20 years.
isolates obtained from diverse human specimens, including cerebrospinal fluid (CSF), brain, skin, and nasal and corneal tissues, as well as contact lens paraphernalia and water. The isolates were grown on nonnutrient agar plates coated with live Escherichia coli cells. After the amebae differentiated into cysts, the agar plates were tightly wrapped with Parafilm and stored at room temperature in laboratory cabinets ( Table 1 ). The agar plates that were retrieved from storage were dry and parched, and either the entire agar layer or part of the agar layer had detached from the surface of the petri dish. The Parafilm wrappings were removed and 10 ml William Balamuth saline (24) , a modified ameba saline, was added to each plate. The plates were allowed to rehydrate overnight, the agar surface was scraped with a cell scraper, and the scraped materials were transferred to 50-ml centrifuge tubes. The tubes were centrifuged at 500 ϫ g for 10 min at 4°C. The supernatant was aspirated, the sediment was inoculated into fresh agar plates coated with a layer of live E. coli cells, and the plates were incubated at 30°C. The plates were observed daily with an inverted microscope equipped with differential interference contrast optics, and in some cases, amebae were visualized within 24 h. The presence of amebae in the plates could be easily identified on the basis of the characteristic track marks that the amebae left behind on the agar plates coated with bacteria ( Fig. 1) . If trophozoites were seen in the plates, the area was marked and a small piece of agar was cut out and transferred face down onto a fresh agar plate coated with bacteria, and the plates were sealed with Parafilm and incubated as described above. The amebae consumed the bacteria, colonized the fresh agar plates, and subsequently produced double-walled cysts (15, 16) . Microscopic examination of the cysts revealed that they all belonged to Acanthamoeba group II (17) . Of the 45 plates processed, 32 (71%) were positive for amebae. Of these 32 positive plates, 17 (53%) contained samples from keratitis patients, 6 (19%) contained samples from patients with GAE, 4 (13%) contained samples from patients with skin infections, 3 (9%) contained samples from patients with nasal sinus infections, and 1 each (3%) contained CSF and water samples. The geographic origin, the sources of isolation, and the genotypic information for the recovered isolates are given in Table 1 . Three-day-old agar plates containing large numbers of trophozoites were scraped and washed by centrifugation; the sediment was inoculated into a 25-cm 2 Corning tissue culture flask containing 10 ml proteose pep-tone, yeast extract, and glucose medium (20) with 5% fetal bovine serum and 100 g/ml gentamicin (PYG medium); and the plates were incubated as described above. After 4 h of incubation, the flask was gently swirled, the supernatant was decanted, and fresh PYG medium was added to the flasks. After 3 days, the flask was shaken and 1 ml of the medium containing the amebae was removed and inoculated into fresh flasks containing the axenic (PYG) medium. An aliquot from the flask was also removed and inoculated into brain heart infusion and sheep blood agar plates for sterility testing. The amebae were next grown in a bacterium-free PYG medium (20) and pelletted by centrifugation, and their DNAs were extracted by use of a DNeasy kit (Qiagen, Valencia, CA). The nuclear 18S ribosomal DNA (rDNA) Acanthamoeba genusspecific amplicon ASA.S1 was amplified by PCR with genusspecific primers JDP1 (5Ј-GGCCCAGATCGTTTACCGTGA A-3Ј) and JDP2 (5Ј-TCTCACAAGCTGCTAGGGAGTCA-3Ј) (5, 19, 22) . The amplicon was run on a 1% agarose gel and produced a product of the expected size of ϳ450 bp. Subsequently, the Acanthamoeba-specific PCR product was sequenced with a Terminator 3001 automated fluorescent DNA sequencer system (Applied Biosystems (Foster City, CA), as described previously (5). The nuclear 18S rDNA sequence obtained was compared to other sequences in the Acanthamoeba rDNA database and was determined as follows. Of the 32 isolates studied, 27 (84.375%) isolates, including those from keratitis patients, belonged to the most common genotype (genotype T4), 4 (12.5%) belonged to genotype T1, and 1 (3.125%) to genotype T10.
In this study we examined the survivability of Acanthamoeba (13, 21, 26) . Additionally, on the basis of sequence analysis, most of the isolates examined here belonged to the T4 clade. It has been well established that group II contains most of the pathogenic genotypes of the 15 recognized clades of Acanthamoeba and that the T4 clade contains most of the pathogens that cause AK throughout the world. It is also the most common and dominant genotype, with a universal distribution in the environment throughout the world (6). Booton et al. (6) also found that a majority of Acanthamoeba isolates from southern Florida beach sand belonged to the T4 clade. Previous studies have shown that although trophozoites of A. polyphaga, a member of the T4 clade, were inactivated after 1 to 2 h of solar photocatalytic (TiO 2 ) disinfection, cysts of A. polyphaga did not show any significant inactivation (9, 12) . The ability of amebae to survive in a southern Florida beach, which is constantly exposed to intense sunshine during the daytime, and also to survive in an environment with exposure to seawater may enable them to invade and colonize the corneal surface, where the composition of tears is roughly similar to that of dilute seawater (6) . It is also noteworthy that T4 amebae have also been isolated from asymptomatic freshwater fish, from a necrotic lesion in an iguanid lizard, and from the liver of a South American toucan (13, 21, (25) (26) (27) . These studies, based on sequencing of the small-subunit rRNA gene, have shown that several Acanthamoeba isolates from fish, reptiles, and a bird and those associated with human Acanthamoeba keratitis infections belong to the same T4 genotype, suggesting that features that enable these amebae to infect animals may also help them to infect humans (25) .
Since the infection in humans becomes apparent only after several weeks or even months, the portal of entry is not clearly known, although it is believed that cysts carried by dust in air gain access to the nasal passages, since Acanthamoeba has been isolated from the nasal passages of humans. Previous studies conducted with Australian university students and Nigerian children during the Harmattan period, when strong winds carry dust and soil particles, showed that the rates of nasal carriage of Acanthamoeba were in the range of 2% in the former population (3) and 24% in the latter one (1). Sinusitis and other nasopharyngeal infections caused by Acanthamoeba have also occurred in immunodeficient patients, transplant recipients, and AIDS patients. Amebae may also enter the body through breaks in the skin, resulting in hematogenous dissemination to the lungs and brain (13, 21, 26) . The current study highlights that Acanthamoeba cysts are able to persist for long periods under adverse conditions, which would facilitate travel over great distances via dust particles in the air.
It has been shown that amebae differentiate into doublewalled cysts when the food supply is exhausted and conditions become adverse, especially in the presence of contact lens cleaning and disinfecting solutions (23) , and these cysts are resistant to the commonly used contact lens cleaning agents (7, 10) . A recent outbreak of Acanthamoeba keratitis was associated with the use of AMO complete multipurpose solution (Advanced Medical Optics, INc.) in multiple U.S. states (7), including the Chicago, IL, area (10) .
It is clear that acanthamoebae have the ability to tolerate a variety of physical and chemical conditions that occur in their environmental niches and have therefore developed resistance to often used antiseptics, herbicides, pesticides, PCBs, heavy metals, and contact lens disinfectant solutions. Additionally, Acanthamoeba cysts, as shown here, can withstand desiccation for more than 20 years. It is therefore necessary to continuously monitor isolates of Acanthamoeba for their resistance to environmental pollution, including heavy metals, PCBs, herbicides, pesticides, multipurpose contact lens solutions, and potent pharmaceuticals.
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